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ABSTRACT

Corona viruses (CoV) are known to cause extreme pandemics in the globe. The year 2020 will be a pan-
demic with the spread of the novel coronavirus (SARS-CoV-2) across the globe. Coronavirus 2019 (COVID-
19) has been a part of our scary life for more than a quarter of a year in 2020. The Wuhan market and
China have been the most commonly used terms in the world for at least a quarter of 2020. A zoonotic
coronavirus has entered organisms to affect organisms for the third season in several centuries. CoV is a
global pandemic prompted a drastic and rapid reconfiguration of society. CoV have extraordinary broad
genomes of about 30 kilobases of RNA. There is no genetic relationship between the SARS-CoV, MERS and
SARS-CoV-2. For health care strategies and for anticipating and preventing potential outbreaks, adequate
description of the international spread of COVID-19 virus is imperative. The WHO has declared COVID-19
as endemic to pandemic in the first trimester of 2020. The biggest issues for diagnosis COVID-19 is not
established apart from Real-time reverse transcriptase polymerase chain reaction (RT-PCR). In order to
monitor the COVID-19 pandemic, testing of active SARS-CoV-2 infections is a fundamental public health
method. The vast use of SARS-CoV-2 RT-PCR tests around the world has led to increased availability of
test kits, which is also a major bottleneck. The technique RT-PCR was generally agreed in the present sce-
nario to detect SARS-CoV-2 in the human body. This review discusses about the importance of molecular
technique for diagnosing the pandemic disease of 2019. In conclusion, RT-PCR was found to be an apt
technique for identification of SARS-CoV-2.
© 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

It is known that infectious diseases impact in human develop-
ment is through a complex interaction between infection and the
host. Intrinsically, contagious infections are triggered by a solitary
infectious agent. However, even before the present era of molecu-
lar biology and heritability training, the predominant indication
was that part of the inter-individual variations was attributed to
the genetic makeup of the host (Di Maria et al., 2020). We com-
pleted the year 2019 with a tangible feeling of hope. Many patients
have obtained medication for contagious diseases such as HIV,
tuberculosis and malaria that have taken life-saving treatment
than ever before. About 18 years after the occurrence of severe
acute respiratory syndrome (SARS) in China and eight years after
the occurrence of Middle East Respiratory Syndrome (MERS) in
Saudi Arabia, a novel Coronavirus (CoV) infection has recently been
described by the World Health Organization (WHO) as a pandemic
that threatens the global human population. The epidemic is con-
firmed as coronavirus 2019 (COVID-19) caused by the new human
CoV, initially referred to as coronavirus 2019 (2019-nCoV) and sub-
sequently updated as coronavirus SARS 2 (SARS-CoV-2) by the
Coronavirus Study Community of the International Committee on
Virus Taxonomy (Decaro and Lorusso, 2020) (see Fig. 1).

2. SARS-CoV-2

CoV is known as SARS-CoV-2 affected by a significant respira-
tory disorder called infection with COVID-19 (Lou et al., 2020).
However, WHO officially named COVID-19 as SARS-CoV-2 and
WHO announced a public health emergency of international
importance on 30 January 2020 and a pandemic on 11 March
2020 (Lv et al., 2020; Wang et al., 2019). The outbreak of viral
pneumonia originated in the Chinese town of Wuhan in December
2019, identified with a new coronavirus called Wuhan virus or
novel coronavirus in 2019 (Zhu et al., 2020). In the closing months
of 2019, the virus emerged from an animal source that has not yet
been detected and has subsequently spread across the globe
(Wijsman et al., 2020). This laboratory-confirmed cases have been
identified worldwide and WHO has reported this virus to be
COVID-19 (Zhang et al., 2020). The 2019-nCoV or SARS-CoV-2,

Fig. 1. Describes the structure of CoV.
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which has now been identified, has spread rapidly from the origin
of Wuhan to the rest of the world from the City of Hubei (Singhal,
2020). The early detection of COVID-19 was mysterious pneumo-
nia, with signs of pneumonia in the first clinical instances. It was
subsequently diagnosed as a SARS-CoV-2 infection consistent with
severe pneumonia. It was initially known as a novel coronavirus or
nCOVID19 (Xu et al., 2020). The COVID-19 clinical characteristics
include dry cough, fever, diarrhea, myalgia and vomiting. People
with many co-morbidities are vulnerable to severe infections
(Sohrabi et al., 2020).

3. Human CoV and its family

COVs appear in a variety of species as well as in humans.
Human coronaviruses (HCoVs) comprise HCoV-229E and HCoV-
NL63 in the Alphacoronavirus family and HCoV-0C43 and HCoV-
HKU1 in the Betacoronavirus lineage family (Embecovirus sub-
genus). CoVs belong to the Coronavirus Alphacoronavirus (aCoV),
betacoronavirus (BCoV), deltacoronavirus (ACoV) and gammacoro-
navirus (yCoV) genus of Coronaviridae, containing four genera, as
well as several subgenera and species (Loeffelholz and Tang,
2020). CoVs have been reported as well-known sources of serious
respiratory, enteric and systemic infections in humans and numer-
ous animal hosts such as goats, pigs, camels, rodents, horses, cats /
dogs [ bats [ palm cats [ ferrets [ mink [ rabbits / snakes and numer-
ous other wild animals (Malik et al., 2020). SARS-CoVs is an envel-
oped virus with a diameter ~50-200 nm and a single strand of
positive RNA genome varying from 26 to 32 kb (Dhama et al,,
2020). SARS-CoV-2 is a B-coronavirus carrying a single positive
RNA strand within it. Its envelope, which is about 60-140 nm in
diameter, gives it a squared, elliptical morphology. There are spe-
cial elements in its genome that have been derived from nine
Wuhan patients and consisting of a tightly linked 29,903 base pairs
of single-stranded RNA (88%) of a couple of B-coronavirus-isolated
bats (Lu et al., 2020). The SARS-CoV-2 genome consists of 5'un-
translated area (UTR) comprising 5’leader sequence, free read
frame 1a [ b replicase genes, spike protein, envelope protein, mem-
brane / matrix protein and accessory protein, nucleoprotein and
3'UTR in sequence (Han et al., 2020). Four CoVs, such as HKU1,
NL63, 229E and 0C43, are mainly responsible for mild respiratory
disorders in human circulation (Cao et al., 2020).

4. COVID-19 in China

In the initial report of Huang et al (Huang et al., 2020) con-
firmed the clinical characteristics of 41 COVID-19 patients, 32%
of whom had cardiovascular disorders, diabetes, and chronic pneu-
monic obstructive diseases, and hypertension (Yang et al., 2020).
The mortality rate of COVID-19 is relatively high and moderately
contagious; but the literature awareness is increasing rapidly
(Harapan et al., 2020). A cluster of affected family and medical per-
sonnel reported a person-to-person transmission. Furthermore, the
transmission from person to person between close contacts is
expected to occur mainly through respiratory droplets that
develop after cough and sneezing. Fomite could be a major trans-
mission source, as SARS-CoV has been generated for up to 96 h
and CoVs for up to 9 days (Harapan et al., 2020). Fomite could have
been a major transmission source. In contrast to Wuhan'’s counter-
parts, Xu et al. (2020) find that out of Wuhan patients had milder
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illness and less serious laboratory anomalies (Lou et al., 2020; Fu
et al., 2020).

5. Protein structure of COVID-19

For the alignment and virulence factors of SARS-CoV-2 the cur-
rent genome defines four structural proteins: “Surface glycopro-
tein S, E enveline, membrane protéin M, N protein nucleocapsid”
and several others that interfere with the immune response. Glyco-
protein S is situated on the surface of the envelope and forms
athree-dimensional structure within the binding domain of the
host cell which promotes virus anchoring. It consists of two sub-
units: the tropism specifier S1 for the same receiver and the cell
and viral membrane fusion phase S2 (Zou et al., 2020). The SARS-
CoV-2 genome review demonstrated that 79.5 and 96% of SARS-
CoV-RaTG’s total SARS-CoV and bat SARS coronavirus sequence
detection rates were respectively (Chen et al., 2020).

6. Genomic RNA and COVID-19

The SARS-CoV-2 | CoV’s genetic structure is RNA viruses with a
diameter of 80-120 nm on a single strand consisting of a subtype
of CoV (o, B, A and 7). Before SARS-CoV-2, 6 CoV was believed to
cause human disease. This is a B-CoV of SARS-CoV, MERS-CoV
and SARS-CoV-2. SARS and SARS-CoV-2 have ~79% of the genome
sequence (Wang et al., 2019; Yao et al., 2020). The genomic RNAs
can be the strongest RNA molecules in the cell cytoplasm. CoVs
therefore evolved a relatively complex multiplication mechanism
to facilitate virus reproduction (Chen and Guo, 2016). In their viral
life cycle CoVs propagate genomes and subgenomic RNAs only
from RNA templates, and do not need a step of DNA. In CoV specif-
ically, the 3’-5’ exonuclease activity of the Nonstructural Protein 14
(NSP14) provides revision and enhanced replication reliability.
CoVs use exonuclease NSP14, which is the first known RNA
virus-encoded proofreading enzyme, and which, in comparison
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with other error-prone RNA viruses, could be adapted to handle
CoVs’ large RNA genomes (Feng et al., 2020).

7. Global wide COVID-19 cases

Currently, as of 6th November 2020, there were 49,527,230
cases of COVID-19 worldwide, with a death rate of 2.5% (Di
Maria et al., 2020) (https://[www.worldometers.info/coronavirus/).
Fig. 2 lists the top 30 countries with total and death cases of
COVID-19.

8. Sequencing analysis

Symptoms may appear 2-14 days after exposure and period
incubation ranges from 4 to 7 days, during which any infected
patient may be asymptomatic and contagious (Kaye et al., 2020).
While several COVID-19 patients are asymptomatic and/or healthy,
with neutralization and cell mediated tolerance of the anti-
proliferative antibodies and an independent immune action. In
hospitalized patients, standard laboratory abnormalités contain
almost 83% lymphopenia and abnormal inflammatory markers,
such as the rate of erythrocytes, C-reactive protein, ferritin, factor
o tumor necrosis, interleukin 1 and 6, and uncommon parameters
of coagulation. But ~10% of COVID-19 events are extreme in dysp-
noea, lymphopenia and significant chest X-ray anomaly and most
of these are severely compromised by respiratory and multi-
organ failure. There seems to be a connection between COVID-
19’s clinical and immunological character, as its magnitude is
related to certain immunological markers (Sohn et al., 2020;
Wiersinga et al., 2020). Many diagnostic tests were tried to suit
with the reliable COVID-19 diagnostic marker, and none was effec-
tive other than the Real Time Chain Reaction Polymerase (RT-PCR).
The diagnosis was nevertheless rendered of COVID19 by the RT-
PCR and Next Generation sequencing (NGS) studies in patients
with contaminated pneumonia (Jiang et al., 2019).
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Fig. 2. Top 30 countries infected with COVID-19 deaths.
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9. COVID-19 and RT-PCR

There are different techniques to detect the COVID-19 in the
human body. Real-time reverse-transcriptase polymerase chain
reaction (RT-PCR) assay has been widely recommended and used
for detection of SARS-CoV-2 (Li et al., 2020; Pan et al., 2020). The
purpose of performing RT-PCR for COVID-19 patients is to identify
the novel virus precisely. However, RT-PCR result was also taken as
an indication of isolation, discharge or transfer by the Chinese gov-
ernment for COVID-19 diagnosed patients. Notably, patient’s isola-
tion can be revoked after two consecutive negative RT-PCR tests
and patients discharged (China, 2020). An online viral genome
sequence (GenBank Accession number MN908947), followed by
four other genomes deposited on 12 January 2020 in the Viral
Sequence Curated Database by the Global Influenza Data Sharing
Initiative, has been published through group online tools virologi-
cal.org on 10 January 2020 (Wuhan-Hu-1). The genome sequences
indicate that a virus is near linked to members of a viral commu-
nity called the SARS, a species identified by the 2002/03 human
SARS disease agent as a serious respiratory syndrome (Corman
et al., 2020; de Groot et al., 2012; Peiris et al., 2003).

10. Amplification of RT-PCR analysis in COVID-19 patients

RT-PCR assay is based on automated fluorescent capillary elec-
trophoresis. Infections in the lower respiratory tract account for
50-90% of viruses Reverse transcription-PCR research provides
the ability to improve sensitivity and diagnose respiratory infec-
tions in more timely fashion. RT-PCR showed rapid results with
equal or greater sensitivity to detect respiratory viruses than direct
antigen detection or virus isolation. While numerous RT-PCR
assays for each respiratory virus have been established, the condi-
tions under which they are extracted, amplified and detected differ
widely. A recent trend has been the development of RT-PCR tests
which, in separate reactions with standard amplification require-
ments, simultaneously detect multiple respiratory pathogens with
a combination of primer pairs to individual respiratory viruses,
with widely reactive primers to highly preserved genes, covering
different genes of a virus (Erdman et al., 2003). WHO has recom-
mended the technique RT-PCR to detect the COVI-19 virus in the
humans and initially China has implemented this technique. The
test was performed by collecting the swab sample either from nose
or throat (Saliva, mucous or fluid from a patient’s lungs can also be
used). Initially, the swab of an effected or suspected person with
COVID-19 will contain a mixture of human cells, virus particles
and other microbes. The second step is to extract the viral RNA
from the collected sample. RNA and DNA are the genetic material
which are unique to an organism. The purpose of using RNA to
detect the limited viruses such as COVID-19, HIV and others have
RNA as their genetic material. However, chemically RNA is similar
to DNA, but has only a single strand. The virus RNA is surrounded
by a nucleocapsid protein within the virus envelope. The other pro-
teins are embedded in the envelope itself. The SARS-CoV-2 genome

Reverse transcription
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Fig. 3. Amplification of RT-PCR by extending the 2nd strand to yields double-
stranded DNA of the patient RNA.
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Fig. 4. The curves represent the analysis of COV ID-19 test using RT-PCR.

contains genes that carry the directions from making these and
other proteins that are required to replicate the virus inside the
human cell. In general, N gene which carries directions for making
the nucleocapsid protein. Limited viral RNA will be present when
we collect the samples and using PCR technique, we will amplify
the small quantity of cDNA into the large copies of a segment of
the N gene. Short single stranded sequences (1-30 bp) are known
as primers recognize unique RNA sequences within the viral gen-
ome that bracket the target region of the N gene. After the first pri-
mer binds, an enzyme called reverse transcriptase extends
(synthesizes) a single-stranded DNA copy of the viral RNA, known
as cDNA. After the RNA is removed, the second primer binds to the
other side of the single-stranded cDNA. Then, a second enzyme, Taq
DNA polymerase, extends a second strand to produce a double-
stranded DNA copy of the target region of the viral RNA (Fig. 3).

This DNA copy then undergo successive rounds (cycles) of
amplification during which the DNA denatures into single-
strands, both primers bind to their target sequences and Taq poly-
merase synthesizes a new DNA strand. The number of copies of the
target region of the viral genome doubles with each cycle. Up to a
billion DNA copies of viral RNA are produced in PCR after 30 cycles.
In practice, 30-45 PCR cycles are usually used to identify the virus.
The inclusion of a fluorescent sample facilitates a quantification of
the target DNA after each PCR loop in real time. (Fig. 4). The
extracted RNA is converted into complimentary DNA (cDNA)
through the enzyme reverse transcriptase. The third step involves
the replicating cDNA into multiple copies through RT-PCR. The
patient cDNA will be matching with SARS-CoV-2 using the specific
probes to detect the variations in the human sequence either the
patient is positive or negative towards the COVID-19.

11. Diagnosis of COVID-19 testing through Real Time-
Polymerase chain reaction

RT-PCR is a robust in vitro technique that plays a central role
in the fields of medical and laboratory sciences. RT-PCR is one of
the key techniques used for accurate analysis of COVID-19 detec-
tion. This technique has been developed in 1977 mostly during
the study of genetic material viral replication which led to the
formation of the RT-PCR. In the field of molecular biology, RT-
PCR methodology is widely used to detect gene expression using
cDNA. A nuclear-derived technique for perceiving the presence of
unique genetic material in any pathogen, including a virus such
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as Ebola, Zika and COVID-19 is through real time RT-PCR. Pre-
sently, one of the most commonly used laboratory methods for
detecting the COVID-19 virus is real time RT-PCR for accurate
analysis. The basic concept of RT-PCR is used isotope markers of
radioactive for detecting the targeted genetic material (DNA or
RNA) and subsequently refining the replacement of isotopic
labelling with special markers, most frequently fluorescent dyes
(Dwivedi et al., 2017). The most commonly used approach for
direct diagnosis of COVID-19 is nucleic acid amplification using
RT-PCR, which can be conducted in either single or double step
strategies. The single step technique both RT and DNA
polymerase are quicker, whereas, double step strategy encom-
passes RT and RNA in one tube and ensuing DNA polymerization
in a different reaction tube. Based on the specific format of assay,
a single RT-PCR apparatus can test maximum of 96 samples in a
single PCR plate (Cheng et al., 2020). The possibility of getting
false-negative and false-positive results is an essential problem
with the RT-PCR test (Wang et al., 2020).

12. Screening of human viruses with PCR and RT-PCR

Numerous methods have been employed for detecting viruses,
such as serology, viral culture, PCR and RT-PCR. However, PCR
and RT-PCR are currently widely used because of their greater
detection ability compared to normal viral culture and serology.
Viruses are essential etiological agents and differ from region to
region in their prevalence study (Mohan et al., 2010). Viruses are
regarded as the leading causes of foodborne and waterborne dis-
eases and several methods for their identification in food and
water have been established. The Norwalk-like viruses (NLVs) of
gastroenteritis and hepatitis A (HAV) are the two most important
foodborne and waterborne viral pathogens. There are no lab hosts
for NLVs has yet been identified and cell cultures have found it dif-
ficult or impossible to reproduce HAV strains causing outbreaks.
Thus, these agents usually were identified using PCR techniques,
which followed them by a reverse transcription, since they contain
RNA instead of DNA. Special problems when applied to specified
examples are found when RT-PCR detection even when combined
with  antibody capture or immunomagnetic capture
(Nuanualsuwan and Cliver, 2002). The PCR method is known as
the “gold standard” for detecting certain viruses and is character-
ized as quick, high sensitivity and specialty testing among nucleic
acid tests. In view of its benefit as a basic qualitative test, RT-PCR is
nowadays especially involved in the identification of SARS-CoV-2
(Shen et al., 2020; Wan et al., 2016; Noh et al., 2017). In addition,
RT-PCR is susceptible to detection at an early stage of infection. The
RT-PCR measure, which has been cited by criteria, may therefore
be treated as a principal tool for the identification of COVID-19's
trigger agent, SARS-CoV-2 (Tahamtan and Ardebili, 2020).
Payungporn et al. (2004) studies confirmed RT-PCR is one of the
best techniques for identification of virus with a single step multi-
plex RT-PCR for simultaneous detection of 3 particular target
genes. Respiratory viral identification can be enhanced with the
use of molecular biology approaches. Numerous researches on
PCR or RT-PCR methods for detection and typing of respiratory
viruses have been developed and assessed (Bellau-Pujol et al.,
2005). Reliable, simple and economical procedures are necessary
for routine diagnosis, so the possibility of PCR techniques is given.
Multiplex experiments could further minimize costs and the num-
ber of samples. An internal monitoring would be ideal to ensure
reliability and make it easier to perceive negative outcomes. There
have been numerous publications of various internal plant man-
agement primers. But none differ between RNA and DNA templates
so complete removal of DNA is necessary before RT-PCR is per-
formed. One alternative is to design primers that amplify various
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fragments because of the presence of introns in the target gene,
but each additional templates raises the risk that the viral tem-
plates are out compressed on the RT-PCR multiplex, and that other
fragments on the gel are complicated to recognize (Menzel et al.,
2002).

Despite there are enormous strengths and limitations in diag-
nostic tests, RT-PCR was confirmed for detecting the novel SARS-
CoV-2 in the human swabs. In conclusion, RT-PCR was used to val-
idate the COVID-19 tests in humans as a diagnostic tool. The exact
diagnostic test for COVID-19 could not be verified by other serolog-
ical tests, CT-Scan and X-ray.
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